By combining these techniques, lectins can be used as highly sensitive and specific reagents to demonstrate differences in cell populations, functions and differentiation using paraffin sections.
Lectins are specific carbohydrate-binding proteins of non-immune origin and of increasing value in identification of cell differentiation and function. They bind non-covalently to carbohydrates and are readily purified, mostly from plant tissues (see review by Gold and Balding). ' Carbohydrates occur predominantly at the surface of cells and lectins have been used to explore cell membranes and to distinguish malignant (or transformed cells) from normal cells both in suspension2 3 and through changes in the membrane glycoproteins.4 For the histopathologist, a sensitive means of localising and identifying glycoconjugates in tissue sections is to use the binding property of lectins conjugated to fluorescein or enzyme labels.
Human histopathological material produces two major problems for lectin binding not encountered in cell suspensions or cryostat sections: fixation may sequester carbohydrates through protein denaturation and processing to wax dissolves out carbohydrates linked to fats (glycolipids By combining these techniques, lectins can be used as highly sensitive and specific reagents to demonstrate differences in cell populations, functions and differentiation using paraffin sections.
Material and methods

LECTINS
The lectins were either purchased or were prepared by ourselves using methods to be published elsewhere. Both native and conjugated lectins (to fluorescein and to peroxidase) were diluted in Trisbuffered saline (0-05 M Tris, 0-15 M NaCl, pH 7.6) and stored in aliquots of 1 mg/ml at -20°C.
ANTIBODIES TO LECTINS
Antibodies were raised in rabbits by injection of lectin denatured by heat (60°C) in the presence of excess (0-1 M) specific sugar. The IgG fraction was Optimal dilutions of lectins and of antisera were determined using a chess-board titration, diluting in Tris-buffered saline, on paraffin sections of mixed human tissues. We found: (a) The optimum concentration for direct lectin binding (see Fig. 1 ) to be in the order of 200 (range 50-600) itg of conjugated lectin/ml of Tris-buffered saline with 30 min incubation at room temperature. (b) The optimum concentration for direct antibodylectin (see Fig. 2 ) and indirect antbody-lectin (see Fig. 3 ) binding to be native lectin diluted to 10 (range 1-20) ,ug/ml of Tris-buffered saline with an incubation of 30 min at room temperature.
Commercial and home-made antisera to lectins work well in the range of 1/50-1/100, diluted in Tris-buffered saline, or using the IgG fraction at 10 ,ug IgG/ml Tris-buffered saline. Alkaline phosphatase substrate (azo method) Twenty milligrams of Naphthol AS-TR, sodium phosphate is dissolved in 100 ,ul of dimethylformamide, made up to 100 ml with Tris buffer pH 9-0, 0 05 M and 40 mg of Fast Red TR added. Filter and use at once. Slides incubated at room temperature for 10 min.
CONTROLS FOR LECTINS
Positive controls The majority of lectins bind to erythrocytes in tissue sections, to the endothelium of blood vessels and to kidney epithelium, thus kidney provides an excellent positive control.
Negative controls With few exceptions, the simple sugar specificity for each lectin is known and can specifically inhibit or compete with lectin binding site in tissues.
However, lectins bind more tightly to complex than to simple sugars and exhibit preferential binding. Thus a simple sugar may not easily displace a lectin already bound to a large molecule incorporating a combination of sugars, and displacement of lectins bound to sections by washing in simple sugar solutions may be ineffectual. To overcome this, we attempt to prevent lectin binding to tissues by diluting the lectin in specific (and also in non-specific) sugar solution, 0-2 M in Tris-buffered saline for 60 min prior to using the lectin to stain a section.
If lectin binding is specific, it should be inhibited by the presence of specific sugar but not by nonspecific.
STAINING METHODS (a) Direct conjugated lectin (Fig. 1 (c) Indirect antibody method (Fig. 3 ) Principle: lectin is incubated on the section and localised by an indirect antibody method. 1 Sections dewaxed and hydrated. 2 Incubate with lectin (eg 10 ug/ml Tris-buffered saline, or predetermined dilution) for 30 min at room temperature. 3 Wash in Tris-buffered saline, three changes of two minutes each. 4 Incubate with rabbit antilectin serum (1/100 in Tris-buffered saline, or for IgG fraction, 10 ,ug/ml Tris-buffered saline) for 30 min at room temperature. 5 Wash in Tris-buffered saline, three changes of two minutes each. 6 Incubate with fluorescein (Dako), peroxidase (Dako) or alkaline phosphatase (Sigma) conjugated antiserum to rabbit IgG diluted 1/50 for 30 min. 7 Wash in Tris-buffered saline, three changes of two minutes each. 8 If enzyme-antibody conjugate used, incubate in substrate, counterstain and mount; if fluoresceinantibody used, mount and examine under fluorescence microscope as soon as possible.
Results
(a) Direct conjugated lectin is the most convenient method but to achieve adequate binding we found high concentrations of lectin-conjugate were required, which makes this method almost unacceptably expensive. We have frequently needed such concentrations as peanut 100 ,ug/ml, Helix 100 ,g/ml, concanavalin A 500 ,ug/ml and pokeweed 50 ,ug/ml of fluorescein-conjugated lectin. Several commercial batches of peroxidase-conjugated lec-tins have failed to produce any staining of tissues and peroxidase-lectin conjugates have consistently required higher concentrations than FITC.
After trypsin and/or neuraminidase treatment, the binding intensity is considerably increased, allowing lower concentrations of lectin to be used. However, with each of these enzymes we find the binding pattern has been altered. (b) Direct antibody staining produced excellent results with high specificity and high intensity of binding. The optimum concentration for most lectins we have used has been 10 ,ug/ml, using 30-minute incubations at room temperature. The optimum antibody titre for these has varied with the source, but in general a 1/50 dilution of both fluorescein and peroxidase conjugated antibody has been satisfactory. (c) The indirect antibody method has produced the best results in our hands. Using an ELISA technique to determine lectin binding to solid phases, (Leathem and Atkins submitted) we find the direct antibody method to be eight times more sensitive than the direct lectin-conjugate, and the Indirect Antibody method to be 10-20 times more sensitive than the direct lectin-conjugate.
Discussion
All lectins we have examined have shown binding to a wide variety of human cells. For cryostat sections the direct lectin conjugate is satisfactory, particularly if the sections are simply air dried, neuraminidase increases the intensity of staining and reveals further binding sites.
But for paraffin sections the high cost of using lectin-conjugates at 100-500 ,g/ml limits their use as routine tools, although the lectin-conjugates can be saved and reused.6 Trypsin and neuraminidase increase the intensity of staining but reveal "new" lectin binding sites (by cleaving off protein-linked carbohydrates and removing terminal sialic acids) and the interpretation of such binding requires considerably more work.
The disappointing direct lectin staining results in our hands with fluorescein and more especially with peroxidase conjugated lectins seem to result partly from a failure of the conjugated lectins to bind (presumably the lectin binding-sites are blocked by conjugate) and partly from low activity of the label.
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